Using Hund's case ͑e͒ representation, we have obtained a simulation of the 5s Rydberg states of O 2 for J = 2 by fitting the experimental data obtained recently by Sheard et al. ͓J. Chem. Phys. 118, 8781 ͑2003͔͒. Our analysis permits us to include evidence of not only the mixing of Hund's case ͑a͒ states by spin-orbit interaction, but also by L and S uncouplings. This mixing is even more important for the nd Rydberg states. For the 3d Rydberg state, J = 2, we have been able to suggest for the first time an assignment for both the 3d 1 ⌸ g and the 3d␦ 1 ⌸ g states.
The ns and nd Rydberg states of O 2 described by Hund's case "e… We have performed a simulation of some of these spectra starting from Hund's case ͑e͒ representation. This has made possible the understanding of the role of the L and S uncouplings in these spectra which had not been considered by the previous authors. 4 have been the first to point out the necessity to use Hund's case ͑e͒.
We start from Hund's case ͑e͒ basis set to write the matrix elements of the Hamiltonian ͓Eq. ͑16͒ of Ref. 8͔. The basis set has been given previously for the s series converging to an inverted 2 ⌸ ion state. 6 Here the X 2 ⌸ g of O 2 + is regular and consequently the order of the levels of Table 1 of Ref. 6 must be inverted.
B. Results and discussion
Using the quantum defects given in Table I, 
The mixing of 1 ⌸ 1 and 3 ⌸ 1 is already nearly complete and the position of the states are near to the situation for n = ϱ, i.e., Hund's case ͑e͒. This means that the 1 Figure 2 shows the calculated spectrum for 9s, Ј=0. Unfortunately, the comparison with the experimental spectrum is difficult because the observed intensity in this type of experiment results from a competition between ionization and predissociation, phenomena which are not introduced in the calculations.
III. THE nd RYDBERG STATES

A. Method of calculation
The number of states in case ͑a͒ coming from the ͑ 2 ⌸͒nd configuration is equal to 4 for J = 0 and 16 for J = 2 since ⍀ഛJ. They are given in Table II both with the quantum defects for n =3 ͑e levels͒ used in this paper. These quantum defects correspond to the case ͑a͒ states, i.e., to those which can be obtained by ab initio calculations without including the spin-orbit interactions and which can be compared, for example, to those of column I of Fig. 1 
B. Results and discussion
For 3d, = 1, we have added ⌬G = 1866 cm −1 . The results can be well compared with the experiment ͑see Fig. 3͒ . 
